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Chapter 12
Climate Change and the Rise
of the Central Asian Silk Roads
Daniel J. Hill
Abstract Thefinal centuriesBCE (BeforeCommonEra) saw themain focus of trade
between the Far East and Europe switch from the so called Northern Route across the
Asian steppes to the classical silk roads. The cities across central Asia flourished and
grew in size and importance.While clearly therewere political, economic and cultural
drivers for these changes, there may also have been a role for changes in climate in
this relatively arid region of Asia. Analysis of a new ensemble of snapshot global
climate model simulations, run every 250 years over the last 6000 years, allows us to
assess the long term climatological changes seen across the central Asian arid region
throughwhich the classical Silk Roads run.While the climate is comparatively stable
through the Holocene, the fluctuations seen in these simulations match significant
cultural developments in the region. From 1500 BCE the deterioration of climate
from a transient precipitation peak, along with technological development and the
immigration of Aryan nomads, drove a shift towards urbanization and probably
irrigation, culminating in the founding of the major cities of Bukhara and Samarkand
around 700–500 BCE. Between 1000 and 250 BCE the modelled precipitation in
the central Asian arid region undergoes a transition towards wetter climates. The
changes in the Western Disturbances, which is the key weather system for central
Asian precipitation, provides 10%more precipitation and the increased hydrological
resources may provide the climatological foundation for the golden era of Silk Road
trade.
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12.1 Introduction
Climate has changed throughout the course of the human civilization (Mayewski et al.
2004). The last 6000 years has seen significant climatic and precipitation changes,
which have been well documented from both proxy records and modelling studies
(Braconnot et al. 2004; Harrison et al. 2014). However, the relationship between
these broad-scale, long-term changes in climate and the local environmental impacts
is little understood, despite the major disruptions to ancient civilizations across Asia
and Africa these have been implicated in (Butzer 2012). Across the world major
civilizations have responded to climate change, from Africa (Welc andMarks 2014),
Europe (Büntgen et al. 2011; Drake 2012), Asia (Staubwasser et al. 2003; Dong
et al. 2012), the New World (Kennett et al. 2012) and maybe even the colonization
of the Pacific Islands (Anderson et al. 2006). As well as driving civilization collapse,
climate change could affect societal structures, polities and trade routes, particularly
in the Silk Road region, where a complex network of trading routes cross the central
Asian dry region.
CentralAsia has been continuously inhabited for thousands of years andwas home
to thriving late Bronze Age cultures, including the Oxus Civilization (Lamberg-
Karlovsky 2013) and Sapalli culture (Kaniuth 2007). The city of Samarkand was
founded around 600 BCE (Grenet 2002) and this may be associated with drying
of central Asia and the initiation of irrigation of the Samarkand Oasis (Malatesta
et al. 2012). Although there is evidence for settlement in the region of Bokhara from
3000 BCE, the city itself was founded around 500 BCE as part of the Achaemenid
Empire or first Persian Empire (LoMuzio 2009). Trade along the classical Silk Road
accelerated greatly with the rise of the Han Dynasty in China in the second century
BCE and continued, with only minor interruption during the rise and fall of empires,
for almost 2000 years until the collapse of the Safavid Empire in the 1720s (Faroqhi
1994).
Trade in precious materials, such as lapis lazuli, between the great civilizations
of the Bronze Age, shows evidence of 4th millennium BCE trade, at least in sections
of the classical Silk Roads (Herrmann 1968). However, the main exchange of goods,
technologies and culture across Eurasia seems to have accompanied the move to
mobile pastoralism in the vast Eurasian steppe region (Christian 2000). Central Asia
hosted a unique Bronze Age culture, the Oxus Civilization, with established contacts
with surrounding cultures inMesopotamia and the IndusValley (Lamberg-Karlovsky
2013) between roughly 2200 and 1700 BCE. Although the demise of central Asian
BronzeAge cultures has not been extensively investigated, two hypotheses have been
put forward for the collapse of the Oxus Civilization. Firstly, reduced hydrological
resources and the demise of the agricultural canal system (Salvatori 2008), suggests
a climatological driver for collapse. Whilst the second hypothesis, the increasing
influence and hostile advance of pastoral nomads (Cattani 2008), suggests more
cultural forces at work. Despite the interconnected nature of Bronze Age Eurasia,
it was only after Chinese expansion in the second century BCE that a continuous
connection was established across Asia from China to the Mediterranean (McNeill
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Fig. 12.1 Map of Central Asia, showing the biomes (Olson et al. 2001) and the older trade route
of the Northern or Steppe Route (blue) and Classical Silk Roads (red)
1998). This seems to have shifted the main route of trade across Eurasia from the
steppe to central Asian trade routes (Fig. 12.1), which in the late nineteenth century
would become known as the Silk Roads (Christian 2000). This paper will investigate
the evolution of climate of central Asia over the last 6000 years, using a climatemodel
and investigate its impact on the changing trade, cultural and settlement patterns along
the Silk Roads of Central Asia.
12.2 Methods
12.2.1 Climate Model
The HadCM3 version of the UK Met Office’s Unified Model (Gordon et al. 2000),
used in this study, is a fully coupled ocean-atmosphere General Circulation Model
(GCM). It incorporates an atmospheric model with a resolution of 3.75°×2.5° with
19 levels in a hybrid vertical coordinate and an ocean model of 1.25°×1.25° with
20 levels (Cox 1984). Among the improvements in this version of the model are the
simulation of convection (Gregory et al. 1997), orographic drag (Milton and Wilson
1996), the gravity wave drag scheme (Gregory et al. 1998) and themixed phase cloud
parameterizations (Gregory andMorris 1996). The land surface scheme incorporates
the TRIFFID Dynamic Global Vegetation Model (Cox 2001), which is run coupled
to the HadCM3 climate model.
GCMs have a long history of simulating global climate and have shown great
skill in simulating modern day climate and palaeoclimatic change (Braconnot et al.
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2012; McMahon et al. 2015). Asian climate is dominated by the monsoonal regimes
originating in the tropical Indian and Pacific Oceans. HadCM3 has been shown to
perform skilfully in reproducing these monsoons and climate across Asia (Inness
and Slingo 2003; Turner et al. 2005). The HadCM3model has also been shown to be
able to produce realistic representations of theWestern Disturbance weather systems
that dominate rainfall totals in central Asia and simulate changes in weather patterns
in line with other similar GCM models (Ridley et al. 2013). As is a common feature
of modelled precipitation, different GCMs predict different sensitivity of regional
rainfall to increased greenhouse gas forcing, but the increases seen in future warming
scenarios from HadCM3 are at least in line with the observational record (Dash et al.
2009).
12.2.2 Methodology
This study uses an ensemble of HadCM3 simulations covering the last 6000 years.
This consists of 25 snapshot simulations, with boundary conditions appropriate to
every 250 years between 6000 years B.P. and 250 years ago, with a final simulation
using the full standard pre-industrial boundary conditions. Each of the simulations
was initialized from an existing pre-industrial simulation and run for 250 years to
allow the model to respond to the altered greenhouse gas and orbital forcing. Clima-
tological means were taken from the last 50 years of the simulations.
12.2.3 Boundary Conditions
These simulations incorporate greenhouse gases and orbital forcing changes over
the last 6000 years (Fig. 12.2), but otherwise the model boundary conditions are
kept the same as standard HadCM3 pre-industrial simulations. Greenhouse gases are
taken from ice core measurements, carbon dioxide (Monnin et al. 2004) and nitrogen
dioxide (Flückiger et al. 2002) exclusively from the EPICA (European Project for Ice
Coring in Antarctica) Dome C Antarctic ice core. Methane is taken to be the mean
of the EPICA and GRIP (Greenland Ice Core Project) ice cores (Blunier et al. 1995;
Flückiger et al. 2002), as it is not well mixed in the atmosphere. Orbital parameters
are calculated from the orbital solutions of Laskar et al. (2004).
12.3 Modelling Results
The central Asian region has undergone significant changes in precipitation over the
last 6000 years. This is reflected in this ensemble of HadCM3 simulations, where an
18% increase inmean annual precipitation is seen across a broad swathe of the central
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Fig. 12.2 Parameters used in each of the snapshot simulations in the ensemble for the last
6000 years. Atmospheric carbon dioxide (Monnin et al. 2004), methane (Blunier et al. 1995; Flück-
iger et al. 2002) and nitrogen dioxide (Flückiger et al. 2002) concentrations and obliquity component
of the full orbital solution (Laskar et al. 2004) for each simulation representing a snapshot every
250 years of the last 6000. All other parameters are kept the same as the standard pre-industrial
simulation
Asian region (Fig. 12.3). These simulated dry mid-Holocene climates are punctuated
by short-lived periods that are significantly wetter, although still dryer than the pre-
industrial simulation. The latest of these occurs at approximately 1500 BCE and
its demise may be contemporaneous with climate drying in Mycenaean Greece and
Hittite Anatolia associated with the Late Bronze Age Collapse (Kaniewski et al.
2013), but quickly (in approximately 500 years) returns to typical early Holocene
values.
As well as precipitation change over the Holocene, other parameters have also
changed, such as temperature. However, the change in precipitation in this region
seems to dominate the water availability, as measured by simulated precipitation-
evaporation (Fig. 12.4). The ensemble seems to show a clear transition from the
dryer climates of themiddleHolocene towetter climates of the lateHolocene between
1000 and 250 BCE (Fig. 12.3). In common with the drying following the 1500 BCE
event, the simulated increase in precipitation is strongest in the central Asian region,
particularly in the area covered by the main classical Silk Road cities, from Merv to
Kashgar (Fig. 12.5).
In the steppe region of Asia, throughwhich East-West trade originally occurred on
the Northern Route, no significant trend in Holocene precipitation is simulated (e.g.
Fig. 12.5).Water resources aremore plentiful in this region throughout the Holocene,
but this means there has been neither the drive to urbanization and centralization of
aridifying conditions or a significant increase in hydrological resources to create an
elite class of wealthy individuals.
The response in the central Asian arid regions is in contrast to much of the ancient
world, where civilizations were built in the great river valleys of the monsoonal
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Fig. 12.3 Average mean annual precipitation over the central Asian region (35°–45°N,
56.25°–75°E) for each of the simulations for the last 6000 years. Shading shows the standard
error for the average, with the area over which precipitation is averaged shown in the inset map.
Dashed horizontal lines show the mean of the simulations up to 3000 years B.P. and after 2250 years
B.P
Fig. 12.4 Average mean annual precipitation (MAP; grey), precipitation minus evaporation (P-
E; orange) and surface air temperature (SAT; magenta) over the central Asian region (35°–45°N,
56.25°–75°E) for each of the simulations for the last 6000 years
regions (Macklin and Lewin 2015) and hence were susceptible to the reduction in
monsoons through the Holocene. Central Asian increases in rainfall are not linked
to the monsoonal rains, but rather are produced by changes in the winter West-
ern Disturbance weather systems, which provide the bulk of the annual rainfall in
the region (Syed et al. 2006). Previous suggestions of the driving mechanisms of
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Fig. 12.5 Spatial patterns of modelled precipitation changes between 1500 and 1250 BCE (a) and
the transition that occurs between 1000 and 250 BCE (b). Precipitation changes in central Asia are
focussed on the area of interest (Fig. 12.2), although the link to other areas varies over time. For
example, the pattern of change in Indian monsoon region and the EasternMediterranean is different
between a and b
variations inWestern Disturbances, based on observational datasets, include changes
in Icelandic Low related to NAO (North Atlantic Oscillation) or the Siberian High
related to ENSO (El Niño Southern Oscillation).
Although there are times when changes in these pressure systems correlate with
central Asian precipitation, particularly the Icelandic Low over the last millennium,
for much of the last 6000 years the changes are decoupled. HadCM3 has previously
been shown not to represent the teleconnections between ENSO and the monsoon
systems (Turner et al. 2005), which may explain some of this decoupling. However,
these simulations showchanges in centralAsian precipitation are relatedmost closely
to the contrast inHimalayan andMediterranean pressure (Fig. 12.6). As these regions
respectively represent the locations where the Western Disturbances initiate and
ultimately disburse, the forcing mechanisms from these mean pressure features are
clear.
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Fig. 12.6 Comparison of variations in central Asian dry region precipitation and selected pressure
variables over the last 6000 years. Shown are the differences in the strength of the Icelandic Low, the
SiberianHigh andpressure ratio of theHimalayanLowand theEastMediterraneanHigh (H/M*1e5).
The Icelandic Low system is related to North Atlantic Oscillation (NAO) and the Siberian High has
been suggested to mediate the impact of El Niño Southern Oscillation (ENSO) on central Asian
precipitation (Syed et al. 2006)
12.4 Discussion
The best Holocene palaeoenvironmental records of continental precipitation tend
to come from large lakes and speleothems. As such there are few palaeoenviron-
mental records that track the precipitation in the central Asian arid regions (Chen
et al. 2008), particularly in the region where changes are seen in these simulations
(Fig. 12.5). However, a recently published speleothem record from Fergana Basin,
shows a similar transition in precipitation inferred from oxygen isotopes (Wolff et al.
2017). As well as showing the shift at approximately the same time as the model,
the general dynamics of precipitation in the region closely resemble that seen in the
model, although the temporal resolution of the simulations does not allow for us to
closely compare these with the data. Furthermore, the record from Lake Issyk-Kul in
Kyrgyzstan, which is close to the eastern end of the Silk Roads, shows a significant
change in sediment composition at around 3000 years B.P. This change is associated
with a shift towards wetter taxa in the pollen record (Rasmussen et al. 2001). These
changes are not reproduced in other records from the margin or outside of the region
in which precipitation changes were simulated, including the Aral Sea (Ferronskii
et al. 2003; Huang et al. 2011), Lake Karakul, Tajikistan (Mischke et al. 2010), Lake
Balikun (An et al. 2011), Wulunga Lake (Jiang et al. 2007), Lop Nur (Mischke et al.
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2017), Lake Karakuli (Aichner et al. 2015), China or the Chinese Loess plateaux
(Zhang et al. 2013).
There seem to be significant changes in precipitation in central Asia over the
Holocene, which are linked to changes in the Western Disturbances, driven by varia-
tions in the Himalayan Low—East Mediterranean High pressure contrast. Although
significant changes in precipitation and P-E are simulated within this modelling
framework, increased resolution in the atmosphere model, could greatly improve the
signal and spatial definition of the climatic changes. Moving to transient simulation
of Holocene climate would give better temporal coverage, rather than relying on
equilibrium climate response to snapshot climate forcing. This study has shown the
changes in regional climate associated with the largest forcing of Holocene climate
change, namely greenhouse gases and orbital forcing, but could be further extended
by incorporating changes in volcanic forcing (Kobashi et al. 2017), solar variability
(Steinhilber et al. 2012) and Himalayan glacial coverage (Solomina 2015).
Although there remain many questions as to how ancient cultures responded to
climate changes, it appears that there are concurrent changes in Holocene climate
and cultural developments in the region (Fig. 12.7). The period in which Late Bronze
Age (LBA) cultures declined and the initial drive towards urbanisation are associated
with climate deterioration from a short period of high precipitation around 1500
BCE. While the current imprecise timings of the loss of the Bronze Age cultures
and the climate changes mean that causal relationships cannot be tested, the fact
that significant changes in precipitation are simulated during this interval (Fig. 12.7)
adds weight to the suggestion that climate may be involved (Salvatori 2008). The
major cities of Samarkand and Bukhara were founded in this period, while some
of the other classical Silk Road cities were founded in the final centuries BCE. A
drying climate may have forced the founding of cities and initiation of large scale
irrigation (Malatesta et al. 2012), however, the increased hydrological resources may
have ultimately allowed these cities to flourish and provide the backbone of the Silk
Road trade routes.
Although central Asia is particularly susceptible to changes in the extent that the
Western Disturbance weather systems penetrate into Asia, changes in other param-
eters of these systems could have significant implications for other climate-human
interactions across the Levant, Mesopotamia and into the Indian Subcontinent (Syed
et al. 2006). Different regions and weather systems respond in different ways to the
changes in Holocene forcings. Each civilization has its own technological develop-
ment and ways of utilizing hydrological resources and thus to really understand the
connection between societal adaptation and changing climate requires collaboration
between palaeoclimate scientists and archaeologists.
12.5 Conclusions
Novel climate model simulations of the last 6000 years show significant shifts in
central Asian precipitation. Of particularly note is the transition to wetter climates
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Fig. 12.7 Comparison of average annual mean precipitation over the central Asian dry region
(35°–45°N, 56.25°–75°E) for each of the simulations for the last 6000 years (Fig. 12.2) and cultural
development of the central Asian region. Times of the classical Silk Roads correspond to increased
hydrological resources, while period of urbanization began as climate deteriorated from a temporary
high, before a time of increasing precipitation
that is simulated to occur between 1000 and 250 BCE. This coincides with the
founding of the great cities of central Asia and the rise of the classical Silk Road
trade routes through the region. While much more work is required to understand
the impacts of this climate changes and the cultural responses to these, this study
provides a provocation to explore these relationships in greater detail.
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